The present study investigated antioxidant and antibacterial activities of 5 different extracts and derived fractions from the S. nepalense tubers. Identification of the most active fractions, their phytochemical characterization, total phenolic and flavonoid contents, and biological activities were also evaluated.
Introduction
The healing herbs were the primary medicinal agents used by human kind. Plants play an important role in providing food for humans (1) . Aromatic and medicinal plants have played a vital role as therapeutic agents for a long time and thus hold excessive economic value (2) (3) (4) . Today, medicinal plant therapy is greatly used for treatment of many human and animal diseases .
Orchids comprise highly evolved and economically important plants bearing the most beautiful and attractive flowers in the plant kingdom. In the past 120 years, a number of botanists have reported the presence of orchids from the north Himalayan region, including Cephalanthera longifolia L., Cypripedium cordigerum D. Don., Dactylorhiza hatagirea D. Don, Epipactis helleborine L., Epipactis royleana L., Goodyrea repens (L.) R. Brown, Listera ovata (L.) R. Brown, Spiranthes sinensis (Persoon) Ames. Satyrium nepalense D. Don. and Oreorchis micrantha L. Most of these species are terrestrial and grow within 1595-4150 m of altitude (26) .
A wide range of bioactive phytochemical and medicinal properties have been identified studying orchids.
In fact, especially in India, orchids are prescribed for a variety of therapeutic uses in traditional medicines such as Ayurveda, Sidha and Unani. Acampe praemorsa (Roxb.) Hook.f, an epiphytic orchid, is used for treating rheumatism. Tubers of Habenaria spp. are being used to treat unconsciousness, and as vermicide and blood purifier. Bauhinia variegata L. is widely used in traditional medicine to treat a wide range of complains due to its many secondary metabolites. The phytochemical screening revealed that Bauhinia variegata contains terpenoids, flavonoids, tannins, saponins, reducing sugars, steroids and cardiac glycosides (27, 28) . Satyrium nepalense (Orchidaceae), also known as Salam mishri, is an endangered medicinal herb usually found at higher altitudes (2400-3000 m) of the Indian Himalayan Region (IHR). It is a terrestrial herb, commonly used by local inhabitants of Uttarakhand (India) as an energizing tonic and as an important medicine to cure different types of fever in traditional health care system of Uttarakhand. Decoction of tubers, roots and stems of this plant has been mainly used to treat various
Phytochemical screening
Phytochemical screening of different extracts was performed by using the standard methods for the qualitative analysis of phytochemicals such as alkaloids, glycosides, carbohydrates, proteins, phenolics, flavonoids, saponins, amino acids, steroids and triterpenoids (30) (31) (32) (33) (34) .
Screening of the plant extracts for biological activities

Antioxidant activity
The antioxidant activity of different extracts of S. nepalense tubers was evaluated by 2,2-diphenyl-1-picrylhydrazyl-hydrate (DPPH) radical scavenging method as described by Tatsimo et al. (35) . The samples were tested at concentrations of 10, 50, 100, 500 and 1000 μg/mL and results converted into percentage of antioxidant activity as follows: % Inhibition = (Control absorbance -Test sample absorbance) / Control absorbance × 100
Ascorbic acid (AA) was used as positive control. A linear regression curve was established in order to determine the IC 50 (μg/mL) values (36) . In addition, samples were also assessed by using the 2,2′-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical assay (37) . Results were first expressed as percentage of radical inhibition, and then the IC 50 was calculated as described above; in this case, Trolox was used as reference standard.
Antibacterial activity
Two different methods were employed for the determination of antimicrobial activities: the disc diffusion assay and the minimum inhibitory concentration (MIC, the lowest concentration of the sample that completely inhibites the microbial growth) of the samples against tested microorganisms. The disc diffusion method was carried out using nutrient agar (38) (39) (40) (41) (42) The cell suspension was standardized at the density of 530 nm and inoculated over the surface of agar medium using sterile cotton swab. A single disc was dipped into 10, 50 and 100 mg/mL stock solutions of plant extracts and placed in each plate. Then, all plates were incubated at 37 °C for 48 h. The zone of inhibition (ZOI) was measured in mm for each microorganism, three replications were performed.
Moreover, a broth dilution susceptibility assay was used for the determination of the MIC of the most active extract and fractions. All tests were carried out in Mueller Hinton broth (MHB). Bacterial strains were cultured overnight at 37 °C in Mueller Hinton agar (MHA). Test strains were suspended in MHB to give a standardized density measured as described above. Sample dilutions, ranging from 0.04 to 100.0 mg/mL, were prepared in a 96-well microtiter plate, including one growth control (MHB + solvent) and one sterility control (MHB + test sample). Plates were incubated under normal atmospheric conditions, at 37 °C for 24 h. The bacterial growth was indicated by the presence of a white "pellet" on the well bottom. Kanamycin (K, 0.04-5.0 mg/L) was used as control. The MIC determination was carried out by the assessment of turbidity by optical density readings at 600 nm, and expressed as mean of three replications ± standard deviation.
Total polyphenol content
Total phenolic content (F-C) of the S. nepalense methanol extract was determined with of S. nepalense tuber was carried out by standard qualitative chemical tests ( Table 1) . The results showed the presence of carbohydrates, glycosides and flavonoids in MESN and WESN; phenolic compounds were present in EAESN and MESN, whereas alkaloids were absent in all tested samples. Saponins, proteins and amino acids were detected in WESN, whereas tannins and resins were found in CESN, EAESN and MESN. Unsaturated sterols/triterpenes were present in PEESN, CESN and MESN (Table 1) . Therefore, the qualitative screening confirmed that, among the S. nepalense extracts, MESN was the richest in phytochemicals.
Antioxidant activity of S. nepalense extracts
The concentration of antioxidant(s) needed to decrease the initial free radical concentration by 50% (IC 50 ) is a parameter widely used to measure the antioxidant activity. A lower IC 50 value corresponds to a higher antioxidant power (50) . The IC 50 values of extracts from S. nepalense tuber measured by DPPH method ranged from 90.66 to 30.79 µg/mL, in WESN and MESN, respectively (Table 2 ). In particular, the decreasing order of extract antioxidant power was as follows: AA > MESN > EAESN > CESN > PEESN > WESN. It was previously highlighted that at least two in vitro assays should be carried out for the evaluation of extract antioxidant capacity; for this reason, in order to confirm the results obtained by the DPPH test, the ABTS method was used. Noteworthy, ABTS decolourisation assay is highly efficient for both hydrophilic and lipophilic antioxidants (51) . The extracts were able to reduce the ABTS radical in a concentration-dependent manner. IC 50 values of S. nepalense extracts ranged from 24.53 ± 2.01 to 157.18 ± 10.81 µg/mL, in MESN and PEESN, respectively ( Table  2) . MESN confirmed to be the most active extract.
Antibacterial activity of S. nepalense extracts
The extract antibacterial activity was assessed against a panel of ten foodborne pathogens (including Gram-positive and Gram-negative species) at the dose of 10, 50 and 100 mg/mL, and the results expressed as zone of inhibition (ZOI, in mm) were compared with the activity of the positive control, kanamycin (5 mg/ mL) ( Table 3 ). MESN at 100 mg/mL exhibited a significant antibacterial activity against both Gram-positive and Gram-negative bacteria as B. cereus (12 mm, MIC = 75.2 µg/mL), E. coli 729 (8 mm, MIC = 91.5 µg/mL), E. gergoviae (7 mm, MIC = >100 µg/mL), K. pneumonia (6 mm, MIC = >100 µg/mL), S. entericatyphim (6 mm, MIC = >100 µg/mL), S. flexneri (7 mm, MIC = >100 µg/mL), S. aureus (12 mm, MIC = 71.5 µg/mL), S. epidermidis (7 mm, MIC = 95.0 µg/mL), S. pyogenes (12 mm, MIC = 80.6 µg/mL) and E. coli 443 (8 mm, MIC = 99.5 µg/mL). MESN at 50 mg/mL did not show any antibacterial activity against three microorganisms (E. gergoviae, S. entericatyphim and S. flexneri), whereas, at 10 mg/mL, it was only effective against S. aureus (6 mm). PEESN exhibited antibacterial effects in the range of 6-11 mm; at 100 and 50 mg/mL, this extract showed antibacterial activity only against four (E. coli, S. flexneri, S. aureus and E. coli) and two (both E. coli) microorganisms, respectively, whereas, at 10 mg/mL, PEESN did not show any significant activity. WESN, CESN and EAESN exhibited ZOI in the range expressed as mg of gallic acid equivalents per gram of extract (GAE/g) (43) (44) (45) (46) (47) .
Total flavonoid content of the S. nepalense methanol extract was assessed according to a modified colorimetric method (48) and the absorbance was measured at 510 nm. In this case, the total flavonoid content is expressed as mg of quercetin equivalents per gram of extract (QE/g).
Fractionation procedure for the active methanol extract of S. nepalense (MESN)
The methanol soluble fraction (50 g) of S. nepalense tuber was mixed with 10 g silica gel (Qualigen, 100-200 mesh) prepared in petroleum ether (60-80 °C). The column was subjected to diverse solvent systems: petroleum ether (100%), petroleum ether-chloroform (from 95:5 to 50:50), chloroform (100%), chloroform-ethyl acetate (from 95:5 to 50:50), ethyl acetate (100%) and ethyl acetate-methanol (from 99:1 to 95:5). Elutes were collected and, on the basis of their thin layer chromatography profiles, were combined into 8 groups (from SN-1 to SN-8). All groups were screened for their antioxidant and antibacterial activities. According to the bioassay-guided fractionation, SN-2 and SN-7 were found as the most active fraction and further analysed.
Identification of active constituents from the S. nepalense tuber active fractions
Identification of the main compounds was carried out by liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS). Reverse phase chromatographic analyses were carried out under gradient conditions using an Accucore C18 column (100 × 3.0, 2.6 µm); the mobile phases were water containing 2% acetic acid (A) and methanol (B). The composition gradient started with 5% B for the first 2 min followed by a gradient to obtain 25% B at 10 min, 40% B at 20 min, 50% B at 30 min, 60% B at 40 min, 70% B at 50 min and 80% B at 60 min, according to the method described by Laghari et al. (48) , with slight modifications. Mass spectra were acquired in positive ion mode, over the 200-800 m/z range. Source temperature was set at 120°C, capillary voltage 3300 eV and cone voltage 50 eV. LC-MS/MS spectra were acquired for the four most abundant ions observed in each MS spectrum. The mobile phases were filtered through 0.45 µm membrane filter (Millipore) and then degassed by ultrasonic bath prior to use (49) . Stock solutions of standard references were prepared in methanol at a concentration range of 0.031-0.250 mg/mL for quercetin and 0.006-0.250 mg/ mL for gallic acid. Quantification was carried out by integration of the peaks using the external standard method, at 254 nm for gallic acid and 365 nm for quercetin. The flow rate was 0.8 mL/min and the injection volume was 40 µL. Chromatographic peaks were confirmed by comparing their retention times with those of reference standards and their fragmentation pattern.
Results and Discussion
Qualitative phytochemical analysis of various extracts from S. nepalense tuber Primary phytochemical screening of five different extracts (PEESN, CESN, EAESN, MESN and WESN of 6-10 mm and possessed higher antimicrobial activity than PEESN. In comparison to standard drug (kanamycin 5 mg/mL), only MESN showed potent antibacterial effects against all microorganisms at the concentration of 100 mg/mL. In general, the decreasing order of the extract antibacterial activity was as follows: K > MESN > CESN > EAESN > WESN > PEESN (Table 3 ). The MIC of K against tested bacteria ranged between 0.4 and 3.8 mg/mL.
Qualitative phytochemical screening and biological activity assessment suggested that MESN had the highest number of secondary metabolites as well as the highest antioxidant and antibacterial activities in comparison to the other extracts. Hence, it was selected for further analyses.
Total polyphenolic contents
The result of the total phenolic content of MESN, using Folin-Ciocalteu method, is presented in Figure 1 . 
Fractionations of methanol extract (MESN)
MESN was fractionated in different combinations of solvents by column chromatography, leading to the isolation of eight fractions named SN-1, SN-2, SN-3, SN-4, SN-5, SN-6, SN-7 were further screened for biological activities. Antioxidant activity of MESN fractions DPPH radical-scavenging method was used to evaluate the antioxidant activities of diverse fractions due to its simplicity, sensitivity and reproducibility (Table   4 ). Among all tested fractions, SN-2 had the highest antioxidant activity (34.18 µg/mL IC 50 ), comparable to that of ascorbic acid used as standard (25.83 µg/mL IC 50 ), while SN-3 (233.68 µg/mL IC 50 ) had the lowest activity. Furthermore, SN-7 was the second most active fraction (44.7 µg/mL IC 50 ). These results were also confirmed by ABTS assay (Table 4 ). In fact, in this case, fractions SN 2 and 7 exhibited the lowest IC 50 values (19.21 ± 0.84 and 29.92 ± 1.87 µg/mL, respectively), comparable with Trolox used as standard (13.85 ± 1.26 µg/mL). Slight differences were observed among the IC-50 values of the less active fractions, when the results of the two antioxidant tests were compared, thus showing a high grade of correlation between these assays (51).
Antibacterial activity of MESN fractions
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MESN fractions
The most active fractions obtained, i.e. SN-2 and SN-7, were subjected to MIC measurement against bacterial strains (Table 5 ). In particular, the SN-2 fraction showed the lowest MIC value when tested against of S. epidermidis (75.0 ± 2.1 µg/mL), while SN-7 was more effective against S. aureus (69.6 ± 2.0 µg/mL). The two fractions were more active than the extract MESN, indicating an enrichment of the active compounds.
Identification and quantification of compounds from active isolated fractions by LC-MS/MS
On the basis of m/z determination and retention times in comparison with the standards, and taking into account the main fragments observed in the MS/MS spectra, the structures of the most abundant compounds present in the two active fractions (SN-2 and SN-7) were determined as quercetin (23.4 ± 0.03 mg/g) and gallic acid (19.04 ± 0.01 mg/g) ( Table 6 ). Quercetin was identified by its m/z at 303.0 ( Figure S1 ), whereas gallic acid showed a characteristic peak at 168.7 and another at 124.7 that corresponds to the loss of the carboxylic function ( Figure S2 ).
In the current study, the preliminary phytochemical screening supported the presence of various bioactive constituents' asglycosides, tannins, sterols/triterpenes, phenolics and flavonoids in S. nepalense. Plants are rich in a variety of secondary metabolites and, therefore, it is pivotal to identify the phytochemical components of local medicinal plants usually prescribed by herbalists in the treatment of diseases. The presence or the absence of certain phytochemicals could be useful to explain some of the biological activities of some plant extracts. For example, the biological properties of flavonoids, apart from their antioxidant effects, include protection against allergies, inflammation, platelet aggregation, microbes, ulcers, toxins, viruses and tumors (52, 53) . These compounds can serve as natural antibiotics, which help the body to fight microbial infections (54) .
MESN was found to be the most active extract due to its strong antioxidant and antibacterial effects, and, after MESN fractionation, SN-2 and SN-7 fractions were found to be the most active. The LC-MS/MS analysis confirmed the presence of gallic acid (a phenolic acid) and quercetin (a flavonoid) in SN-2 and SN-7 fractions of MESN. Antioxidant and antibacterial activities of gallic acid and quercetin have been previously reported (55) (56) (57) (58) . Therefore, it can be hypothesized that MESN and its fractions (SN-2 and SN-7) possess significant biological activities possibly due to the presence of gallic acid and quercetin. To the best of our knowledge, there is no previous report showing the antioxidant and antibacterial activities of S. nepalense extracts.
This study has demonstrated that the methanol extract of S. nepalense exhibits remarkable antioxidant and antibacterial activities among the tested extracts, possibly due to the presence of phenolic acids and flavonoids, in particular gallic acid and quercetin, as confirmed by LC-MS/MS analysis. However, further studies will be carried out in order to identify minor bioactive phytochemicals and possible applications in the fields of pharmaceutics and food supplements. 
